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The present invention relates to thermal pro 
tection of two-speed, single-phase motors and, 
more particularly, to means for providing ade 
quate protection for both main Windings of a 
two-speed motor of the type which has two main primary windings. 
Two-Speed Operation of single-phase motors is 

often obtained by providing two main primary 
windings having different numbers of poles, with 
a Selector SWitch to connect either winding to the 
line So as to obtain operation at either one of 
tWO Speeds. Such motors are frequently provided 
with only one auxiliary or starting winding, and 
the Speed-responsive starting switch is connected 
So that the high-speed main winding is always 
connected to the line with the auxiliary winding 
for starting, while after operation of the switch, 
either one of the main windings is connected to 
the line, as determined by the position of the 
Selector Switch. 
Two-Speed motors of this type have usually 

been protected against overheating by a conven 
tional thermostatic protective device mounted on 
the motor. Such protective devices consist of a 
thermally responsive element, usually a bime 
tallic disc, arranged to actuate contacts con 
nected in series in the line, and a heater for 
heating the bimetallic disc. In the conventional 
Connection, the heater and bimetallic disc are 
connected in Series with the motor windings, to 
Carry the line current, and the occurrence of an 
excessive Current, which would cause overheating 
of the Windings, heats the bimetallic disc Sufi 
ciently to cause it to open the contacts and dis 
Connect the motor from the line. 
When a protective device is connected in this 

conventional manner to a two-speed motor of the 
type described above, however, it is extremely 
difficult, if not impossible, to obtain adequate 
protection for both main windings. The low 
Speed winding usually has relatively high resist 
ance and low torque, as compared to the high. 
Speed Winding, and in general, its electrical char 
acteristics are considerably different from those 
of the high-speed winding. The result of this is 
that if the thermostatic protective device is se 
lected to properly protect the high-speed winding, 
the low-Speed winding is not adequately pro 
tected and can overheat dangerously before the 
protective device will operate. If the protective 
device is selected to properly protect the low 
Speed winding, the high-speed winding will be 
Over-protected, and the over-load capacity on 
the high-speed connection will be unnecessarily 
limited. 
This problem has sometimes been solved by 
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2 
modifying the design of the low-speed winding 
to reduce its resistance, resulting in a winding 
which develops more torque than is necessary. 
This expedient permits better protection against 
overheating, but it usually results in unnecessar 
ily limiting the design of both windings and 
materially restricting the performance that can 
be obtained, in Order to obtain the desired ther. 
mal protection. It has also been proposed to use 
two separate heaters for the bimetallic element, 
With one heater connected in series with each 
windirag. This is undesirable, however, because 
it requires a large number of Special protective 
devices with different combinations of heaters 
for use with the many possible different com 
binations of Windings and would, therefore, be 
quite expensive. 
The principal object of the present invention is 

to provide a two-speed, single-phase motor of the 
type described above in which adequate thermal 
protection is provided for both main windings 
without involving any restrictions on the design 
of the Windings and at relatively low cost. 
A more specific object of the invention is to 

provide a two-speed, single-phase motor of the 
type described above, in which thermal protection 
is provided by means of a thermoStatic protective 
device of the usual type selected to provide the 
desired protection for the high-speed main wind 
ing, together with a Supplementary heater con 
nected to be energized by the current in the low 
Speed main winding only, and designed to provide 
Sufficient, additional heat When the low-Speed 
winding is connected to the line to provide a der 
quate protection for the low-speed winding. 
Other objects and advantages of the invention 

Will be apparent from the following detailed de 
scription, taken in connection with the accom 
panying drawing, in which: 

Figure i is a schematic wiring diagram show 
ing one embodiment of the invention; and 

Fig. 2 is a somewhat diagrammatic Sectional 
view of a thernostatic protective device. 
The invention is shown in the drawing en 

bodied in a two-speed, single-phase motor of 
the split-phase type. The motor has a high 
speed main primary winding 2 and a low-Speed 
main primary winding 3 disposed on the prir 
mary member, usually the stator, of the motor. 
The Windings 2 and 3 may be of any suitable 
or usual type, the winding 2 having a smaller 
numbers of poles than the winding 3. An auxil 
iary or starting winding 4 is also provided on 
the primary member, physically displaced from 
the main winding 2 by substantially ninety elec 
trical degrees, and designed to cooperate with 
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the winding 2 to provide starting torque. The 
motor has been shown as a split-phase mo 
tor, in which the auxiliary winding 4 has rela 
tively high resistance and low reactance, as 
compared to the main winding, to provide the 
necessary phase difference between the currents, 
but it will be apparent that the invention is also 
applicable to other types of single-phase mo 
tors, such as the capacitor-start motor. The 
motor also has a secondary or rotor member 
5 provided with a secondary winding of any 
Suitable type, shown as a squirrel-cage wind 
ing 6. 
The motor is provided with a speed-responsive 

Switch 7 of any Suitable type, such as a centrif 
ugal Switch. The switch T is shown as having 
a pivotally mounted movable member 8 which 
bridges stationary contacts 9 and O when the 
motor is at rest, as shown in the drawing. When 
the motor has accelerated to a predetermined 
speed, the switch arm 8 moves away fron the 
contacts 9 and 0 and nakes contact with a 
stationary running contact f. 
A speed selector switch 2 is also provided 

which can be placed alternatively on a high 
Speed contact 3 or a low-speed contact 4 for 
Operation of the motor at either speed. The 
selector Switch may also have an off position, 
to Serve as a line switch as illustrated, or a sep 
arate line switch may be provided if desired. 
One end of each of the main windings 2. and 

3 and one end of the auxiliary winding. 4 are 
connected together and to one side 5 of a 
Single-phase Supply line, the other side f6 of 
the line being connected to the selector switch 
2. The free end of the high-speed main wind 
ing 2 is connected to the high-speed contact. 3 
of the Selector switch and to the stationary 
contact. 9 of the speed-responsive switch T. The 
free end of the low-speed main winding 3 is 
connected to the stationary contact f of the 
Switch 7, and the free end of the auxiliary 
Winding 4 is connected to the contact o' of the 
Switch 7. The movable switch arm 8 is con 
nected to the low-speed contact 4 of the se 
lector SWitch 2. 
To start the motor for high-speed opera 

tion, the selector switch f2 is placed on the 
high-Speed contact f3. It will be seen that this. 
connects, the high-speed winding 2 directly across 
the line, with the auxiliary winding 4 in paral 
lel with the winding 2 through the contacts 9 
and 0 and Switch arm 8 of the switch 7. The 
motor Will, therefore, start and come up to speed 
On the high-Speed connection. When the mo 
tor has accelerated to the switch operating 
Speed, the Switch arm 8 will move to the con 
tact , interrupting the auxiliary winding cir 
cuit through the contacts 9 and O, so that the 
auxiliary Winding, is disconnected and the mo 
tor continues to run at high speed on the main 
winding 2. 

If low-Speed operation is desired, the motor 
is started by placing the selector switch 12 on the 
low-Speed contact f4. With the switch 2 in 
this position, the line 6 is connected to the 
SWitch arm 8, and is connected through the con 
tact 9 of the Switch 7 to the high-speed main 
Winding 2, and through the contact ?o of the 
Switch 7 to the auxiliary winding, 4, so that the 
high-speed winding, and the auxiliary winding 
are connected to the line, and the motor starts 
On the high-speed connection, as before. When 
the Switch operating speed is reached; the switch 
arm 8 moves to the contact: it, interrupting the 
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4 
circuits of both the main winding 2 and the 
auxiliary winding 4, and connecting the low 
speed main winding 3 to the line 6 through the 
contacts and 4, so that the motor continues 
to run at low speed on the main Winding 3. 
Two-speed motors of this type have; usually 

been protected against overheating by a con 
ventional thermostatic protective device con 
nected in Series with the line to respond to the 
line current. As previously explained, however, 
it is not possible to obtain satisfactory protec 
tion for both main windings in this manner. In 
accordance with the present invention, adequate 
protection for both windings is provided by 
naeans of a protective device , which may be 
eSSentially a standard protective device of the 
type usually used. The protective device 7 in 
cludes a thermally-responsive element, shown 
as a bimetallic disc 8, which normally bridges 
Stationary contacts 19, and a heater 29 for heat 
ing the bimetallic disc 8. The protective de 
vice is connected in series with the line 5, as 
shown, so that the heater 20, and preferably the 
bimetallic disc, carry the line current, and the 
device f is preferably mounted directly on the 
notor , so as to respond directly to the motor 
temperature as well as to the current. When 
the bimetallic disc 8 is heated above a predeter. 
mined temperature, it opens the contacts 9, 
disconnecting the motor from the line. 
The heater 20 of the protective device f is 

designed to provide the desired protection for 
the high-speed main winding 2, and the pro 
tective device T, as so far described, may be a 
standard protective device selected for protection 
of the high-speed winding 2 without regard to 
the low-speed winding. As previously indicated, 
Such a device will not adequately protect the 
low-Speed winding, which usually has higher re 
sistance than the high-speed winding and will, 
therefore, be overheated by a current which is. 
Safe for the high-speed winding. In accordance. 
with the present invention, the low-speed wind 
ing 3 is protected by adding a supplementary 
heater 2 to the protective device T. The sup 
plementary heater 2 f is connected in series with 
the low-Speed winding 3, as shown, to carry only 
the current of that winding. It will be seen 
that when the motor is operating on the high 
Speed winding, no current flows in the supple 
mentary heater 2, and the high-speed winding 
2 is protected by the thermostat T in the usual 
manner. When the motor is operating at low 
Speed on the winding 3, however, the current 
of the winding 3 flows through the supplementary 
heater 2 and the heat produced by this heater 
is added to the heat produced by the heater 2, 
which is in circuit in both connections and car 
ries the line current. The supplementary heater 
2 is designed to provide sufficient additional 
heat, to properly protect the low-speed winding, 
and adequate protection is, thus provided for this. 
Winding without affecting the protection of the 
high-speed, winding. 
The Supplementary heater 2 may be of any desired type and may be applied to the protective 

device 7 in any desired manner. Figure 2 shows 
One possible way in which the supplementary 
heater can be applied to a standard protective 
device which is diagrammatically illustrated. 
Such devices, usually have a molded housing 27 
Which contains, the bimetallic disc 8 and the 
main, heater 20. The supplementary heater 2 
may be mounted on an insulating base member 
23 which can readily be designed to fit on the 
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housing 22 of a standard protective device as 
shown in Fig. 2, and in this Way, the Supple 
mentary heater can readily be applied at low 
cost. If desired, of course, the supplementary 
heater 2 could be mounted in the housing 22 
itSelf in any Sitable manner, and if this Were 
done, one side of the heater 2 could be con 
nected directly to the main heater 20 within the 
housing, When the heater 2 is connected in the 
motor circuit as shown in Fig. 1, so that only 
three terminals would be required on the pro 
tective device. 

It should now be apparent that means have 
been provided for adequately protecting both 
Windings of a two-speed, single-phase motor. 
This result is obtained by the use of the supple 
mentary heater 2 which provides sufficient ad 
ditional heat when the motor is running on 
the low-Speed connection to adequately protect 
the low-Speed winding, while the main heater 
20 provides protection for the high-speed wind 
ing and also provides most of the heat needed 
on the low-speed connection. The supple 
mentary heater, therefore, is required to supply 
Only the relatively Sinall amount of additional 
heat required to adequately protect the low 
Speed Winding. 

ihis arrangement has a number of advan 
tages as compared with the expedients which 
have previously been proposed. Each of the 
main Windings 2 and 3 can be individually de 
Signed for the desired performance without 
regard to the design of the other winding, and 
Without requiring any design compromises to 
make reasonably satisfactory protection possible, 
as has previously been necessary, since the ar 
rangement described makes it possible to protect 
each Winding independently of the other. Com 
plete protection can, therefore, be obtained with 
out affecting the performance obtainable, and 
Without limiting the overload capacity in the 
high-Speed connection or sacrificing the desired 
degree of protection for the low-speed winding. 
The cost of obtaining protection in this way 

is relatively low, since standard protective de 
vices can be used, and only a small number of 
different designs of supplementary heaters are 
needed to provide protection for a wide range 
of different motor ratings and winding corn 
binations. This is a great advantage over the 
use of two separate heaters used independently 
With the respective windings, because a large 
number of different combinations of heaters 
Would be required, and these special designs of 
protective devices would not be usable in other 
motors, So that a large stock of special protective 
devices would have to be maintained by the 
notor manufacturer. Thus, the protective sys 
tem of the present invention is much more satis 
factory and less expensive because the main 
element of the protective device is a standard 
device which is used in large quantities for many 
other applications. To apply it to any particular 
two-Speed motor, it is only necessary to add one 
of a relatively few designs of inexpensive sup 
plementary heaters. Thus, the cost is low and 
the desired protection is obtained in a simple 
and inexpensive manner. 
A particular embodiment of the invention has 

been shown and described for the purpose of 
illustration, but it will be apparent that various 
modifications might be made within the scope 
of the invention, and it is to be understood that 
the invention is not limited to the specific ar 
rangement shown, but in its broadest aspects it 
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6 
includes all equivalent embodimerits and modifi 
cations. 
I claim as my invention: 
1. A single-phase induction motor having rela 

tively rotatable primary and secondary members, 
first and Second main primary windings on the 
primary member, said main primary Windings 
having different numbers of poles, an auxiliary 
primary winding physically displaced from the 
main windings on the primary member, Switch 
means for connecting the first main primary 
winding and the auxiliary winding to a single 
phase line for starting and for thereafter connect 
ing either one of the main windings to the line 
for running, and a protective device for the motor 
including contact means connected in Series with 
the line, thermally responsive means adapted to 
actuate the contact means to open position. When 
heated above a predetermined temperature, a 
first, heater for said thernally-responsive means 
energized by the line current, and a second 
heater for the thermally-responsive means en 
ergized by the current in the Second main pri 
mary Winding only. 

2. A single-phase induction motor having rela 
tively rotatable primary and secondary members, 
first and second main primary windings on the 
primary member, said main primary Windings 
having different numbers of poles, an auxiliary 
primary winding physically displaced from the 
main windings on the primary member, Switch 
means for connecting the first main primary 
winding and the auxiliary winding to a Single 
phase line for starting and for thereafter connect 
ing either one of the main windings to the line 
for running, and a protective device for the no 
tor including contact means connected in Series 
with the line, thermally-responsive means adapt 
ed to actuate the contact means to open position 
when heated above a predetermined tempera 
ture, a first heater for the thermally-responsive 
means connected to carry the line current, and a 
Second heater for the thernally-responsive means 
connected to carry the current of the Second 
main primary winding only. 

3. A single-phase induction notor having rela 
tively rotatable primary and secondary members, 
first and second main primary Windings on the 
primary member, Said main primary Windings 
having different numbers of poles, and auxiliary 
primary winding physically displaced from the 
main windings on the primary member, switch 
means for connecting the first main primary 
Winding and the auxiliary winding to a single 
phase line for starting and for thereafter con 
necting either one of the main windings to the 
line for running, and a protective device for the 
motor including contact means connected in Se 
ries with the line, thermally-responsive means 
adapted to actuate the contact means to open 
position when heated above a predetermined 
temperature, a first heater for the thermally-re 
Sponsive means connected in series with both 
main primary windings, and a second heater for 
the thermally-responsive means connected in Se 
ries with the Second main primary winding only. 

4. A Single-phase induction motor having rela 
tively rotatable primary and secondary members, 
first and second main primary Windings on the 
primary member, Said main primary windings 
having different number of poles, an auxiliary 
primary Winding physically displaced from the 
main windings on the primary member, switch 
means for connecting the first main primary 
Windings and the auxiliary Winding to a single 
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phaseline: for starting and forthereafter connect 
ing either one of the main windings to the line, 
for running, and a protective, device for the motor, 
said, protective: device comprising a, thermally-re 
sponsive element, contact means actuated by the 
thermally-responsive element, said contact means' 
being connected in series in the line, a main 
heater for the thermally-responsive element, 
means, for connecting the main heater to be en 
ergized by the line current, a supplementary 
heater for the therinally-responsive element, and 
means for connecting the Supplementary heater 
to be energized by the current in the second main 
primary wilding only. 

5. A single-phase induction. Inotor having rela 
tively rotatable: primary, and secondary members, 
first and second main primary windings on the 
primary: naerober, said main primary windings 
having different numbers of poles, an auxiliary 
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primary winding physically displaced from the * 

8. 
main. Windings on the primary member, switch. 
means for connecting the first main primary 
winding and the auxiliary Winding to, a singler 
phase line for starting and for thereafter con 
necting either one of the main Windings to the 
line for running, and a protective device for the 
motor, said protective device comprising a ther 
mally-responsive element, contact means actu 
ated by the thermally-responsive element, said 
contact means being connected in series in the 
line, a main heater for the thermally-responsive 
element, means for connecting the main heater 
in Series with both main primary windings, a 
Supplementary heater for the thermally-respon 
Sive element, and means for connecting the sug 
plementary heater in series with the second main 
primary winding only. 

No references cited. 


